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INTRODUCTION

This map is part of a folio of maps and gross sections of the
northern midcontinent area, bounded by 36° -46 N. lat. and
88 -100 W. long., prepared under the Midcontinent Strategic and
Critical Minerals Project. This project is a cooperative activity
between the U.S. Geological Survey and the geological surveys of
the included states. Other maps in this folio published to date
include U.S. Geological Survey Miscellaneous Field Studies Maps
MF-1835-A and MF-1835-C.

This map shows preliminary interpretations of predevelopment
hydrogeologic conditions of water in rocks of Cambrian and
Ordovician age and can be used in a manner described by Signor and
others (1980) to develop conceptual and predictive models of
hydrologic and geochemical aspects of the regional flow systems.

SOURCES OF DATA

Data for most of the study area (fig. 1) were collected for
the Central Midwest Regional Aquifer System Analysis (RASA)
project (Jorgensen and Signor, 1981, p. 15). Data for northern
Missouri and Wisconsin primarily were collected for the Northern
Midwest RASA (Harley Young, U.S. Geological Survey, written
commun., 1985). Data for South Dakota were collected for the
Northern Great Plains RASA and primarily relate to water in the
Red River Formation, Bighorn Dolomite, and equivalents (Miller and
Strausz, 1980; Stenzil, Buss, and Busby, 1980). Data for Iowa
primarily relate to water in the St. Peter Sandstone, Prairie du
Chien Group, and the Jordan Sandstone (Horick and Steinhilber,
1978). Data for Illinois primarily relate to the St. Peter
Sandstone, the Galena Dolomite, and the Platteville Formation
(Meents and others, 1952; Bond, 1972).
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EQUIVALENT FRESHWATER HEAD

This map shows altitudes of equivalent freshwater head thiat
were determined from shut—in pressures of drill-stem tests or by
measurement of the altitude of the water level in wells containing

freshwater. The following equation was used to calculate
equivalent freshwater head (he):
- B
he z + i (1)

where z is the altitude at the center line of the rock section,
p is the pressure at the center line of the rock section,
d is the density of freshwater, and
g is the acceleration due to gravity.

Pressure values from the drill-stem tests were adjusted to center
line of the rock section. The adjustment to the pressure (pa) was
calculated by
.» df g (zg - 2z) (2)
where df is the density of the in situ (formation) water, and
is the altitude of the pressure gage used for the drill-
stem test.

Density primarily is a function of the concentration of
dissolved solids and temperature. In shallow wells containing
freshwater, the correction for density is trivial and the
equivalent freshwater head is considered equal to the altitude of
the water level within the well.

Accuracy of the calculated freshwater—head values using
results from drill-stem tests is difficult to evaluate because it
is dependent on the accuracy of the recording gage and the

conditions of the test, including the hydraulic character of the
rock. Comparison of data from adjoining drill-stem tests
typically indicates considerable differences. The differences may
be due either to unknown inaccuracies as reported in the drill-
stem test results, or to areal, vertical, or temporal variations,
such as the effects of petroleum development.

DISSOLVED-SOLIDS CONCENTRATION

One purpose of this map is to define major areal variations
in the quality of water in Cambrian and Ordovician rocks on the
basis of dissolved-solids concentration. Most of the chemical
analyses from Kansas and Oklahoma used in the preparation of this
map were obtained from the petroleum industry. Large differences
between the reported concentration of dissolved solids typically
characterized samples from adjacent sites. The causes of these
differences are difficult to determine. It is not known whether
the differences are related to areal, vertical, and temporal
variability, or to errors resulting from the sampling procedure or
the methods of chemical analysis.

The exact source of many of the water samples is unknown.
Some samples were obtained from drill-stem tests, others are
"production" water. Some may be mixtures of in situ water with
drilling fluids, or with water from zones above or below the
Cambrian and Ordovician rocks.

In general, selection of analyses used was governed by ionic
balance, supporting data, and implied continuity with adjacent
analyses. In the absence of analytical data within an extensive
area, the concentration of dissolved solids was estimated from
measurements of spontaneous potential from wireline geophysical
logs of boreholes.
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MAP A. CAMBRIAN AND ORDOVICIAN ROCKS
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REGIONAL FLOW SYSTEMS

Three major regional ground-water flow systems are within the
mapped area. A flow system containing water with less than 1,000
milligrams per liter dissolved solids is present in the Ozark area
of southern Missouri and northwestern Arkansas. A flow system in
northeastern Oklahoma and southeastern Kansas contains water with
dissolved-solids concentration ranging from about 20,000 to more
than 200,000 milligrams per liter. The two flow systems merge in
a narrow transition zone of mixed waters about 40 kilometers
wide. Water in the third major flow system flows from recharge
areas in northeastern Nebraska, northwestern Iowa, southeastern
Minnesota and southern Wisconsin southeastward or locally to the
Mississippi River. The concentration of dissolved solids ranges
from less than 500 milligrams per liter in eastern Iowa to more
than 1,000 milligrams per liter in western Iowa. The
concentration gradient implies that water flowed from east to west
under different geologic and hydrologic conditions.
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EXPLANATION

SLLILLL  AppROXIMATE LIMIT OF CAMBRIAN AND ORDOVICIAN ROCKS

—1000— GENERALIZED EQUIVALENT FRESHWATER-HEAD CONTOUR--Shows altitude, in feet,
at which water level would have stood in tightly cased wells
penetrating Cambrian and Ordovician age rocks if the water in the

wells had a density of 1.00 gram per cubic centimeter.
approximately located. Contour interval, in feet,
reflects accuracy and density of data.

Data are for predevelopment conditions at most

Datum of 1929.
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Figure 1l.--Map showing

EQUIVALENT FRESHWATER HEAD AND DISSOLVED-SOLIDS CONCENTRATION OF WATER IN ROCKS OF CAMBRIAN, ORDOVICIAN, AND MISSISSIPPIAN AGE IN THE NORTHERN MIDCONTINENT, U.S.A.

By

D. G. Jorgensen, J. O. Helgesen, R. B. Leonard, and D. C. Signor
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location of the study area and related studies.
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